Three-wave-mixing spectroscopy is used to determine the dispersive and absorptive parts of a strongly allowed twophoton transition in a series of polydiacetylene solutions. The data analysis yields the energy, width, symmetry assignment, and oscillator strength for the two-photon transition, The data conclusively demonstrate that strong two-photon absorption is a fundamental property of the polydiacetylene backbone. The remarkably large twophoton absorption coeAicients are explained by large oscillator strengths for both transitions involved in the twophoton absorption combined with strong one-photon resonance effects. The experimental results are shown to be consistent with a simple theoretical model for the energies and oscillator strengths of the one-and two-photonallowed transitions.
I. INTRODUCTION The linear and nonlinear optical properties of polydiacetylenes have received considerable attention recently. ' ' This interest is attributable to the fully-conjugated backbone structurẽ n G which leads to essentially one dimensional electronic properties. The acetylene mesomer (4) is the lowest-energy conformation for the polymer, and numerous x-ray structures have yielded bonding sequences which are very close to A above. 4 There is some evidence for the higherenergy butatriene mesomer" j.n systems, such as the ones we are considering here, where backbone strain is introduced due to intramolecular interactions of the substituent groups (R).
Extensive electron delocalization along the chain direction leads to an electronic transition energy for one-photon absorption (E,) Fig. 2 are obtained from Eg. (2) with y'r/x, and yr'/x, determined from a. linear regression analysis of
The ana. lysis also determined a range of y r/x, and y r/X, with a 9(P/g-confidence limit. (&o,,) and oscillator strength f, . for the one-photon g-i transition are obtained from linear absorption data such as those in Fig. 1 (Fig. 3 data) . The straight line is the corresponding ratio for the theoretical curves of Fig. 3 {slope=1/1"~~, ' 2i intercept =(~& )).
with the values of (v, z) and I;y previously determined. The consistency of the theoretical and experimental values indicates that the values of (&u, f) and I'y are well determined.
The strong one-photon absorption is observed for polarization parallel to the chain axis. '
Polarization studies of the three-wave mixing demonstrate that the two-photon absorption observed in these experiments is also polarized along the chain axis, Table I -(x"""+x'"") + 2(x"'"+x'""')1, (10) (9) and (10) shown in Table II .
The fact that X""/X""= +3 is inconsistent with crossed polarization having access to the twophoton state; crossed polarization requires X""/X""= -2. Whether X""' or X"""" is the do- (HOMO) is number N/2 (number 1 is the lowest-energy orbital), the lowest unoccupied orbital is number N/2 +1, and the next unoccupied orbital is number N/2+2. We will assume that the first optically allowed one-photon transition g-i is the excitation of an electron from N/2 to N/2+1, and that the first two-photon transition g-f is the excitation of an electron from N/2 to N/2+2 (or from N/2 -1 to N/2+1, which ha. s the same energy).
In order to perform the calculation, we must have a, form for P(r). Several forms have been suggested in the literature. " Qur approach is semiempir ical. We take P(r) =C exp(-$r) (1 1 ) and then find sets of values of C and $ which, for N-~, give the experimental one-photon band gap.
The final choice of C and $ was ma. de by picking va. lues that also gave P's which were close to the values suggested in the literature. We used C =8.30 x 10' cm ' and $ =25.9 nm '.
We then diagonalized the one-electron matrix for values of N from N=4 to N=40, and found the energy of the one-photon transition (ur;) and the energy of the two-photon transition (&o &). Experimentally, we find that u";"=16000 cm '
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(assuming the blue solution to be the acetylenic form) and &o"";" -= 18900 cm ' ( We turn now to the calculation of oscillator strengths in this model. We assume that the onephoton oscillator strength is just that for the transition N/2 to N/2+1. We further assume that the oscillator strengths for the two-photon absorption are (1) from N/2 to N/2+1 and (2) from N/2+1 to N/2+2. This approach neglects the configuration mixing which will occur in the g states, but we expect this approximation to be qualitatively accurate. We compute the transition moments (from N/2-N/2+1 and from N/2 +1-N/2+2) by neglecting differential overlap so that, for example, (14) where (t)~is the kth molecular orbital, u, is the atomic P, orbital on site i, and C"; is the coefficient of the ith atomic orbital in the 0th molecular orbital. By assuming The large values of the hyperpolarizability in these molecules imply large susceptibilities for more concentrated solutions or solid-state films. This large susceptibility can be utilized in a para-
